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(54) High-frequency amplifier 

(57) A high-frequency amplifier that can reduce the 
size, weight and price of a device in which this high-fre- 
quency amplifier is provided. In this high-frequency 
amplifier, an input matching circuit of the low-pass type 
(74) and an input matching circuit of the high-pass type 
(78) are connected in parallel and provided at the input 
side or terminal of a power amplification circuit (37). 
Further, a matching is performed correspondingly to 
one of two kinds of transmission input signals, whose 
frequencies are different from each other, by the input 
matching circuit (74) of the low-pass type. On the other 
hand, a matching is performed correspondingly to the 
other kind of transmission input signals by the input 



matching circuit (78) of the high-pass type. Moreover, 
an output matching circuit of the low-pass type (44) and 
an input matching circuit of the high-pass type (49) are 
connected in parallel and provided at the output side or 
terminal of the power amplification circuit (37). Further, 
a matching is performed correspondingly to one of 
transmission output signals by the output matching cir- 
cuit (44) of the low-pass type. On the other hand, a 
matching is performed correspondingly to the other 
transmission input signal by an output matching circuit 
(49) of the high-pass type. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to a high- 
frequency amplifier suitable for use in radio communica- 
tion equipment such as a portable telephone and a 
cordless telephone and, more particularly, to a high-fre- 
quency amplifier adapted so that a matching is per- 
formed correspondingly to each of a plurality of high- 
frequency signals of different frequencies and that 
these high-frequency signals are amplified by a single 
amplification circuit 

2. Description of the Related Art 

Hitherto, in mobile (radio) communication equip- 
ment such as portable telephone and a cordless tele- 
phone, radio waves of a corresponding dedicated 
frequency band (namely, an exclusive or private fre- 
quency band) have been used. Therefore, a high-fre- 
quency amplifier for amplifying only high-frequency 
signals (namely, transmission (radio) waves) of an 
exclusive frequency band is provided in a transmitting 
device (or transmitter) incorporated in a portable tele- 
phone or the like. 

Hereinafter, a conventional high-frequency ampli- 
fier will be described with reference to FIG. 10. 

In FIG. 10, reference numeral 1 designates the con- 
ventional high-frequency amplifier. This high-frequency 
amplifier 1 is provided in a transmitter incorporated in, 
for example, a portable telephone set and is a power 
amplifier dedicated to amplify high-frequency signals of 
a dedicated frequency band, which are used as trans- 
mission radio waves of this portable telephone. For 
instance, in the case that the frequencies of the dedi- 
cated frequency band, which are those of signals used 
as transmission waves of this portable telephone, range 
from 890 MHz to 915 MHz, and the center frequency 
thereof is 902. 5 MHz, the high-frequency amplifier 1 is 
suitable for amplifying only high-frequency signals of 
such a frequency band. 

Reference numeral 2 denotes an input terminal of 
the high-frequency amplifier 1. This input terminal 2 is 
connected to a transmission signal generating circuit 
(not shown) incorporated in the portable telephone and 
used for synthesizing a signal from a speech signal and 
a carrier signal and for outputting transmission input sig- 
nals (namely, high-frequency input signals). Further, the 
transmission input signals outputted from this transmis- 
sion signal generating circuit are inputted to this input 
terminal 2. 

Reference numeral 3 designates an input matching 
circuit connected to the input terminal 2 through a cou- 
pling capacitor 4. This input matching circuit 3 is config- 
ured by connecting a coil 5, which serves as an 



inductive device or element, to a capacitor 6, which 
serves as a capacitive device or element, in such a 
manner as to be in an L-shaped configuration, as illus- 
trated in FIG. 10. Moreover, in the case of the input 

5. matching circuit 3, parameters such as the inductance 
of the coil 5 and the capacity of the capacitor 6 are set 
in such a manner that a matching is achieved corre- 
spondingly to the center frequency (namely, 902.5 MHz) 
of the transmission input signal. Namely, a reflection 

10 coefficient corresponding to the center frequency of the 
transmission input signal is optimized. Moreover, each 
of the parameters of the coil 5 and the capacitor 6 is set 
in such a way that the input return loss of the high-fre- 
quency, amplifier 1 is minimized. 

15 Reference numeral 7 designates a power amplifica- 
tion circuit connected to the output terminal of the input 
matching circuit 3. This power amplification circuit 7 is 
roughly composed of a field effect transistor (hereunder 
referred to as "FET") 8. which is operative to perform a 

20 power amplification, and a bias circuit (not shown). Fur- 
ther, the power amplification circuit 7 amplifies the 
transmission input signal, correspondingly to which the 
matching is accomplished by the input matching circuit 
3, to the extent that the input signal can be used as 

25 transmission waves of the portable telephone, for exam- 
ple, to 1 W or so. Moreover, resultant signals are output- 
ted to an output matching circuit 9 (to be described 
later) as transmission output signals. 

Reference numeral 9 denotes the output matching 

30 circuit provided at an output side of the power amplifica- 
tion circuit 7. This output matching circuit 9 is consti- 
tuted by connecting a coil 1 0 to a capacitor 1 1 in such a 
manner as to be in an L-shaped configuration, nearly 
similarly as the input matching circuit 3. Moreover, in the 

35 case of this output matching circuit 9, parameters such 
as the inductance of the coil 10 and the capacity of the 
capacitor 1 1 are set in such a manner that a matching is 
achieved correspondingly to the center frequency 
(namely, 902.5 MHz) of the transmission output signal. , 

40 Namely, by taking the output characteristics, the bias 
conditions and gain of the power amplification circuit 7 
into consideration, each of the parameters of the coil 10 
and the capacitor 1 1 is set in such a way that the reflec- 
tion coefficient corresponding to the center frequency of 

45 the aforementioned transmission output signal. 

Reference numeral 12 designates a coupling 
capacitor for eliminating a bias current. Reference 
numeral 13 denotes an output terminal of the high-fre- 
quency amplifier 1 . This output terminal 1 3 is connected 

so to an antenna attached to the portable telephone. 

In the conventional high-frequency amplifier 1 con- 
figured in this manner, a transmission output signal is 
generated by amplifying a transmission input signal out- 
putted from the transmission signal generating circuit. 

55 Further, this transmission output signal is outputted to 
the antenna of the portable telephone. Then, the trans- 
mission output signal outputted from this high-fre- 
quency amplifier 1 is transmitted from the 
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aforementioned antenna as a transmission radio wave. 

Meanwhile, the aforementioned conventional 
amplifier employs one kind of a frequency band of trans- 
mission radio waves used by the portable telephone. 
Moreover, the center frequency thereof is a single fre- 
quency, for example, 902.5 MHz. Hence, the input 
matching circuit 3 of the conventional high-frequency 
amplifier 1 is set in such way that the matching is 
effected corresponding only to the transmission input 
signal, whose center frequency is 902.5 MHz. 

However, in some case, the frequency band of 
transmission waves of a portable telephone varies with 
areas, in which the portable telephone is used. For 
example, in a certain case, the frequency of the fre- 
quency band of the transmission wave ranges from 890 
MHz to 915 MHz in a certain area, while the frequency 
of the frequency band of the transmission wave ranges 
from 1430 MHz to 1450 MHz in another area. Thus, it is 
necessary for realizing a portable telephone of the com- 
mon type, by which calls or conversations can be made 
in a plurality of areas, to treat at least two kinds of trans- 
mission waves (or transmission signals) that are differ- 
ent from in the used frequency band from each other. 

Thus, there has been devised a portable telephone 
of the common type that has a first high-frequency 
amplifier 21, by which a matching is accomplished cor- 
respondingly to the frequency band of a certain area, 
and a second high-frequency amplifier 22, by which a 
matching is accomplished correspondingly to the fre- 
quency band of another area, in parallel and further has 
changeover switches 23, 23 provided at the input side 
or terminal and the output side or terminal of each of the 
high-frequency amplifiers 21 and 22 so as to amplify 
two kinds of transmission signals, whose frequency 
bands are different from each other. 

The herein-above described amplifier, however, is 
required to have two power amplification circuits of the 
same configuration, which are provided in parallel with 
each other so as to have two high-frequency amplifiers 
21 and 22, and the changeover switches 23 and 23. 
Consequently, the size of a circuit board, on which these 
circuits and switches are mounted, increases. Moreo- 
ver, it is difficult to reduce the size and weight of the 
amplifier. Additionally, the number of parts or compo- 
nents increases. This results in increase in cost of the 
amplifier. 

The present invention is accomplished in view of 
the aforementioned problems of the conventional high- 
frequency amplifier. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a high-frequency amplifier which can amplify 
two kinds of high-frequency signals, whose frequencies 
are different from each other, to thereby make contribu- 
tion toward reducing the size, weight and price of a 
device in which this high-frequency amplifier is pro- 



4 

vided. 

To achieve the foregoing object, in accordance with 
an aspect of the present invention, there is provided a 
high-frequency amplifier (hereunder sometimes 

5 referred to as a first high-frequency amplifier of the 
present invention) that comprises: an input matching 
circuit for performing a matching correspondingly to a 
first high-frequency input signal and to a second high- 
frequency input signal, whose frequency is different 

w from that of the first high-frequency signal; an amplifica- 
tion circuit, which is connected to an output side or ter- 
minal of the input matching circuit, for outputting a first 
high-frequency output signal by amplifying the first high- 
frequency input signal, and alternatively, for outputting a 

is second high-frequency output signal by amplifying the 
second high-frequency input signal; a first output 
matching circuit, which is connected to an output side or 
terminal of the aforesaid amplification circuit, for per- 
forming a matching correspondingly to the first high-fre- 

20 quency output signal; and a second output matching 
circuit, which is connected to the output side or terminal 
of the aforesaid amplification circuit in such a manner as 
to be in parallel with the aforesaid first output matching 
circuit, for performing a matching correspondingly to the 

25 second high-frequency output signal. 

Thus, by connecting the first and second output 
matching circuits in parallel with each other as above 
described, a matching can be effected correspondingly 
to each of the first and second high-frequency output 

30 signals. 

Namely, the first and second high-frequency output 
signals are different in frequency from each other. 
Therefore, it is necessary for performing a matching cor r 
respondingly to each of the high-frequency output sig- 

35 nals to set optimum reflection coefficients, which 
respectively correspond to the first and second high-fre- 
quency output signals at the output side or terminal of 
the aforesaid amplification circuit, by taking the output 
characteristics, bias conditions and gain of the amplifi- 

40 cation circuit into consideration. 

Thus, the first output matching circuit sets an opti- 
mum reflection coefficient correspondingly to the first 
high-frequency output signal, while the second output 
matching circuit sets an optimum reflection coefficient 

45 correspondingly to the second high-frequency output 
signal. Further, by connecting the output matching cir- 
cuits in parallel with each other, a matching is achieved 
correspondingly to each of the high-frequency output 
(wave) signal by a single high-frequency amplifier. 

so On the other hand, the matching correspondingly to 
each of the first and second high-frequency input sig- 
nals is effected by the aforesaid input matching circuit. 
Namely, the matching is accomplished correspondingly 
to each of the first and second high-frequ ncy input sig- 

55 nals in such a way that the input return loss of this high- 
frequency amplifier decreases. Here, note that this input 
matching circuit may be constituted by either a single 
circuit or a combination of a plurality of input matching 
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devices. 

In accordance with another aspect of the present 
invention, there is provided a high-frequency amplifier 
(hereunder sometimes referred to as a second high-fre- 
quency amplifier of the present invention) that com- s 
prises: a first input matching circuit for performing a 
matching correspondingly to a first high-frequency input 
signal; a second input matching circuit, which is con- 
nected to the aforesaid first input matching circuit in 
such a way as to be in parallel with each other, for per- 10 
forming a matching correspondingly to a second high- 
frequency input signal, whose frequency is different 
from that of the first high-frequency input signal; an 
amplification circuit, which is connected to an output 
side or terminal of each of the input matching circuits. 15 
for outputting a first high-frequency output signal by 
amplifying the first high-frequency input signal, and 
alternatively for outputting a second high-frequency 
output signal by amplifying the second high-frequency 
input signal; a first output matching circuit, which is con- 20 
nected to an output side or terminal of the aforesaid 
amplification circuit, for performing a matching corre- 
spondingly to the first high-frequency output signal; and 
a second output matching circuit, which is connected to 
the output side or terminal of the aforesaid amplification 25 
circuit in such a manner as to be in parallel with the 
aforesaid first output matching circuit, for performing a 
matching correspondingly to the second high-frequency 
output signal. 

Thus, by connecting the first and second input 30 
matching circuits in parallel with each other as 
described hereinabove, a matching can be accurately or 
suitably effected correspondingly to each of the first and 
second high-frequency input signals. 

Thus, the first and second high-frequency input sig- 35 
nals are different in frequency from each other. There- 
fore, when achieving the matching correspondingly to 
each of the high-frequency input signals in such a man- 
ner as to minimize the input return loss, it is preferable 
that a reflection coefficient corresponding to the first 40 
high-frequency input signal and another reflection coef- 
ficient corresponding to the second high-frequency 
input signal are set at optimum values, respectively 

Thus, the first input matching circuit sets the reflec- 
tion coefficient, which corresponds to the first high-fre- 45 
quency input signal, at an optimum value, while the 
second input matching circuits sets the reflection coeffi- 
cient, which corresponds to the second high-frequency 
input signal, at an optimum value. Further, by connect- 
ing the input matching circuits in parallel with each so 
other, a matching is accurately or appropriately 
achieved correspondingly to each of the two high-fre- 
quency input signals, whose frequencies are different 
from each other. 

On the other hand, by connecting the first and sec- 55 
ond output matching circuits in parallel with each other 
as above described, a matching can be effected corre- 
spondingly to each of the first and second high-fre- 



quency output signals, similarly as in the case of the first 
high-frequency amplifier of the present. invention. 

In the case of an embodiment (hereunder some- 
times referred to as a third high-frequency amplifier of 
the present invention) of the second high-frequency 
amplifier of the present invention, the aforesaid first 
input matching circuit is a matching circuit of the low- 
pass filter type that performs a matching correspond- 
ingly to the first high-frequency input signal and cuts off 
the second high-frequency input signal, whose fre- 
quency is higher than the aforesaid first high-frequency 
input signal. Moreover, the aforesaid second input 
matching circuit is a matching circuit of the high-pass fil- 
ter type that performs a matching correspondingly to the 
second high-frequency input signal and cuts off the first 
high-frequency input signal. 

In the case of such a configuration, the matching 
circuit of the low-pass filter type is employed as the first 
input (matching) circuit. Thus, the first input matching 
circuit has frequency characteristics similar to those of 
what is called a low-pass filter, namely, the property of 
cutting off the second high-frequency input signal, 
whose frequency is higher than that of the first high-fre- 
quency input signal. Therefore, even if the parameters 
corresponding to the circuit elements composing the 
first input matching circuit (for instance, the inductance 
of the coil and the capacity of the capacitor) are 
changed so as to perform a matching correspondingly 
to the first high-frequency input signal, and if the reflec- 
tion coefficient corresponding to the first high-frequency 
input signal is thus regulated, the reflection coefficient 
corresponding to the second high-frequency input sig- 
nal, which is set by the second input matching circuit, 
hardly changes. 

Further, the matching circuit of the high-pass filter 
type is employed as the second input (matching) circuit. 
Thus, the second input matching circuit has frequency 
characteristics similar to those of what is called a high- 
pass filter, namely, the property of cutting off the first 
high-frequency input signal, whose frequency is lower 
than that of the second high-frequency input signal. 
Therefore, even if the parameters corresponding to the 
circuit elements composing the second input matching 
circuit (for instance, the inductance of the coil and the 
capacity of the capacitor) are changed so as to perform 
a matching correspondingly to the second high-fre- 
quency input signal, and if the reflection coefficient cor- 
responding to the second high-frequency input signal is 
thus regulated, the reflection coefficient corresponding 
to the first high-frequency input signal, which is set by 
the first input matching circuit, scarcely changes. 

Thus, the first and second input matching circuits 
do not depend upon each other. Hence, the setting of 
the reflection coefficient by the first input matching cir- 
cuit and that of the reflection coefficient by the second 
input matching circuit are achieved independent of each 
other. Consequently, the matching is easily accom- 
plished correspondingly to each of the two kinds of the 
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high-frequency input signals, whose frequencies are dif- 
ferent from each other. 

In accordance with still another aspect of the 
present invention, there is provided still another high- 
frequency amplifier (hereunder sometimes referred to 
as a fourth high-frequency amplifier of the present 
invention) that comprises: a first input matching circuit 
for performing a matching correspondingly to a first 
high-frequency input signal; a second input matching 
circuit, which is connected to an output side or terminal 
of the aforesaid first input matching circuit in such a way 
as to be in series with each other, for performing a 
matching correspondingly to a second high-frequency 
input signal, whose frequency is different from that of 
the first high-frequency input signal; an amplification cir- 
cuit, which is connected to an output side or terminal of 
the aforesaid second input matching circuit, for output- 
ting a first high-frequency output signal, by amplifying 
the first high-frequency input signal, the corresponding 
matching of which is effected by the aforesaid first input 
matching circuit, and alternatively, for outputting a sec- 
ond high-frequency output signal by amplifying the sec- 
ond high-frequency input signal, the corresponding 
matching of which is performed by the aforesaid second 
input matching circuit; a first output matching circuit, 
which is connected to an output side or terminal of the 
aforesaid amplification circuit, for performing a matching 
correspondingly to the first high-frequency output sig- 
nal; and a second output matching circuit, which is con- 
nected to the output side or terminal of the aforesaid 
amplification circuit in such a manner as to be in parallel 
with the aforesaid first output matching circuit, for per- 
forming a matching correspondingly to the second high- 
frequency output signal. 

Thus, by connecting the first and second input 
matching circuits in series with each other as described 
hereinabove, a matching can be accurately or suitably 
effected correspondingly to each of the first and second 
high-frequency input signals. 

Thus, the first and second high-frequency input sig- 
nals are different in frequency from each other. There- 
fore, when achieving the matching correspondingly to 
each of the high-frequency input signals in such a man- 
ner as to minimize the input return loss, there is the 
necessity of setting a reflection coefficient correspond- 
ing to the first high-frequency input signal and setting 
another reflection coefficient corresponding to the sec- 
ond high-frequency input signal at optimum values, 
respectively. 

Thus, the first input matching circuit sets the reflec- 
tion coefficient, which corresponds to the first high-fre- 
quency input signal, at an optimum value, while the 
second input matching circuits sets the reflection coeffi- 
cient, which corresponds to the second high-frequency 
input signal, at an optimum value. Further, by connect- 
ing the input matching circuits in series with each other, 
a matching is accurately or appropriately achieved cor- 
respondingly to each of the two high-frequency input 



signals, whose . frequencies are different from each 
other. 

On the other hand, by connecting the first and sec- 
ond output matching circuits in parallel with each other, 

5 a matching can be effected correspondingly to each of 
the first and second high-frequency output signals, sim- 
ilarly as in the case of the first high-frequency amplifier 
of the present invention. 

In the case of an embodiment (hereunder some- 

10 times referred to as a fifth high-frequency amplifier of 
the present invention), the aforesaid first input matching 
circuit is a matching circuit of the high-pass filter type 
that performs a matching correspondingly to the first 
high-frequency input signal and permits the second 

is high-frequency input signal, whose frequency is higher 
than the aforesaid first high-frequency input signal, to 
pass therethrough. Moreover, the aforesaid second 
input matching circuit is a matching circuit of the low- 
pass filter type that performs a matching correspond- 

20 ingly to the second high-frequency input signal and per- 
mits the first high-frequency input signal to pass 
therethrough. 

In the case of such a configuration, the matching 
circuit of the high-pass filter type is employed as the first 

25 input (matching) circuit. Thus, the first input matching 
circuit has frequency characteristics similar to those of 
what is called a high-pass filter, namely, the property of 
permitting the second high-frequency input signal, 
whose frequency is higher than that of the first high-fre- 

30 quency input signal, to pass therethrough. Therefore, 
even if the parameters corresponding to the circuit ele- 
ments composing the first input matching circuit (for 
instance, the inductance of the coil and the capacity of 
the capacitor) are changed so as to perform a matching 

35 correspondingly to the first high-frequency input signal, 
and if the reflection coefficient corresponding to the first 
high-frequency signal is thus regulated, the reflection 
coefficient corresponding to the second high-frequency 
input signal, which is set by the second input matching 

40 circuit, hardly changes. 

Further, the matching circuit of the low-pass filter 
type is employed as the second input (matching) circuit. 
Thus, the second input matching circuit has frequency 
characteristics similar to those of what is called a low- 

45 pass filter, namely, the property of permitting the first 
high-frequency input signal, whose frequency is lower 
than that of the second high-frequency input signal, to 
pass therethrough. Hence, even if the parameters cor- 
responding to the circuit elements composing the see- 
so ond input matching circuit (for instance, the inductance 
of the coil and the capacity of the capacitor) are 
changed so as to perform a matching correspondingly 
to the second high-frequency input signal, and if the 
reflection coefficient corresponding to the second high- 

55 frequency input signal is thus regulated, the reflection 
coefficient corresponding to the first high-frequency 
input signal, which is set by the first input matching cir- 
cuit, scarcely changes. 
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Thus, the first and second input matching circuits 
do not depend upon each other. Therefore, the setting 
of the reflection coefficient by the first input, matching 
circuit and that of the reflection coefficient by the second 
input matching circuit are achieved independent of each 5 
other. Consequently, the matching is more easily 
accomplished correspondingly to each of the two kinds 
of the high-frequency input signals, whose frequencies 
are different from each other. 

Furthermore, in the case of an embodiment (here- 
under referred to as a sixth high-frequency amplifier of 
the present invention) of the fourth high-frequency 
amplifier of the present invention, the aforesaid first 
input matching circuit is a matching circuit of the low- 
pass filter type that performs a matching correspond- 
ingly to the first high-frequency input signal and permits 
the second high-frequency input signal, whose fre- 
quency is lower than the aforesaid first high-frequency 
input signal, to pass therethrough. Further, the afore- 
said second input matching circuit is a matching circuit 
of the high-pass filter type that performs a matching cor- 
respondingly to the second high-frequency input signal 
and permits the first high-frequency input signal to pass 
therethrough, advantages or effects similar to those of 
the fifth high-frequency amplifier of the present inven- 
tion are obtained. 

In the case of an embodiment (hereunder referred 
to as a seventh high-frequency amplifier of the present 
invention) of one of the first, second, third, fourth, fifth or 
sixth high-frequency amplifier of the present invention, 
the aforesaid first output matching circuit is a matching 
circuit of the low-pass filter type that performs a match- 
ing correspondingly to the first high-frequency output 
signal and cuts off the second high-frequency input sig- 
nal, whose frequency is higher than the aforesaid first 
high-frequency output signal. Moreover, the aforesaid 
second input matching circuit is a matching circuit of the 
high-pass filter type that performs a matching corre- 
spondingly to the second high-frequency input signal 
and cuts off the first high-frequency output signal. 

In the case of such a configuration, the matching 
circuit of the low-pass filter type is employed as the first 
output (matching) circuit. Thus, the first output matching 
circuit has frequency characteristics similar to those of 
what is called a low-pass filter, namely, the property of 
cutting off the second high-frequency output signal, 
whose frequency is higher than that of the first high-fre- 
quency output signal. Therefore, even if the parameters 
corresponding to the circuit elements composing the 
first input matching circuit (for instance, the inductance 
of the coil and the capacity of the capacitor) are 
changed so as to perform a matching correspondingly 
to the first high-frequency output signal, and if the 
reflection coefficient corresponding to the first high-fre- 
quency output signal is thus regulated, the reflection 
coefficient corresponding to the second high-frequency 
output signal, which is set by the second output match- 
ing circuit, hardly changes. 



Further, the matching circuit of the high-pass filter 
type is employed as the second output (matching) cir- 
cuit. Thus, the second input matching circuit has fre- 
quency characteristics similar to those of what is called 
a high-pass filters namely, the property of cutting off the 
first high-frequency output signal, whose frequency is 
lower than that of the second high-frequency output sig- 
nal. Therefore, even if the parameters corresponding to 
the circuit elements composing the second output 
matching circuit (for instance, the inductance of the coil 
and the capacity of the capacitor) are changed so as to 
perform a matching correspondingly to the second high- 
frequency output signal, and if the reflection coefficient 
corresponding to the second high-frequency output sig- 
nal is thus regulated, the reflection coefficient corre- 
sponding to the first high-frequency output signal, which 
is set by the first output matching circuit, scarcely 
changes. 

Thus, the first and second output matching circuits 
do not depend upon each other. Hence, the setting of 
the reflection coefficient by the first output matching cir- 
cuit and that of the reflection coefficient by the second 
output matching circuit are achieved independent of 
each other. Consequently, the matching is easily 
accomplished correspondingly to each of the two kinds 
of the high-frequency output signals, whose frequencies 
are different from each other. 

As above described, in the case of the first high-fre- 
quency amplifier of the present invention, the first and 
second output matching circuits are connected to the 
output side or terminal of the amplifying circuit in paral- 
lel with each other. Therefore, a matching can be per- 
formed correspondingly to each of the two kinds of high- 
frequency output signals, which have frequencies differ- 
ent from each other and are outputted from the amplifi- 
cation circuit. Thus, the amplification factor 
corresponding to each of the high-frequency output sig- 
nals can be maximized. Thereby, the two kinds of high- 
frequency output signals, whose frequencies are differ- 
ent from each other, can be amplified by a single high- 
frequency amplifier. 

Therefore, the high-frequency amplifier of the 
present invention does not require being provided with 
changeover switches and two amplification circuits of 
similar configurations, which are required in the conven- 
tional amplifier so as to amplify two kinds of high-fre- 
quency signals, whose frequencies are different from 
each other. Consequently, the size, weight and price of 
a device, in which the high-frequency amplifier is pro- 
vided, can be reduced. 

Further, in the case of the second high-frequency 
amplifier of the present invention, the first and second 
input matching circuits are connected in parallel with 
each other at the input side of the amplification circuit, 
while the first and second output matching circuits are 
connected in parallel with each other at the output side 
of the amplification circuit. Thus, a matching can be per- 
formed correspondingly to each of the two kinds of high- 
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frequency input signals, whose frequencies are different 
from each other, at the input side of the amplification cir- 
cuit. Thus, the input return loss corresponding to each 
of the high-frequency signals can be minimized. Moreo- 
ver, a matching can be performed correspondingly to 
each of the two kinds of high-frequency output signals, 
which are outputted from the amplification circuit and 
are different in frequency from each other, at the output 
side of the amplification circuit. Thus, the amplification 
factor corresponding to each of the high-frequency sig- 
nals can be maximised. Thereby, the two kinds of high- 
frequency output signals, whose frequencies are differ- 
ent from each other, can be amplified by the single high- 
frequency amplifier. 

Therefore, similarly as in the case of the first high- 
frequency amplifier of the present invention, the size, 
weight and price of a device, in which the high-fre- 
quency amplifier is provided, can be reduced. 

In the case of the third high-frequency amplifier of 
the present invention, the matching circuit of the low- 
pass filter type that performs a matching correspond- 
ingly to the first high-frequency input signal and cuts off 
the second high-frequency input signal, whose fre- 
quency is higher than the aforesaid first high-frequency 
input signal, is employed as the aforesaid first input 
matching circuit. Moreover, the matching circuit of the 
high-pass filter type, which performs a matching corre- 
spondingly to the second high-frequency input signal 
and cuts off the first high-frequency input signal, is 
employed as the aforesaid second input matching cir- 
cuit. Thus, even if the parameters corresponding to the 
circuit elements composing the first input matching cir- 
cuit are changed so as to perform a matching corre- 
spondingly to the first high-frequency input signal, this 
have little effect on the matching corresponding to the 
first high-frequency input signal. 

Thus, the design and regulation of the first input 
matching circuit can be performed independent of those 
of the second input matching circuit. Thereby, the 
design and regulation of each of the input matching cir- 
cuit can be facilitated. 

In the case of the fourth high-frequency amplifier of 
the present invention, the first and second input match- 
ing circuits are connected in series with each other at 
the input side of the amplification circuit, while the first 
and second output matching circuits are connected in 
parallel with each other at the output side of the amplifi- 
cation circuit. Thus, a matching can be performed corre- 
spondingly to each of the two kinds of high-frequency 
inp r ut signals, whose frequencies are different from each 
other, at the input side of the amplification circuit. Thus, 
the input return loss corresponding to each of the high- 
frequency signals can be minimized. Moreover, a 
matching can be performed correspondingly to each of 
the two kinds of high-frequency output signals, which 
are outputted from the amplification circuit and are dif- 
ferent in frequency from each other, at the output side of 
the amplification circuit Thus, the amplification factor 



corresponding to each of the high-frequency signals 
can be maximized. Thereby, the two kinds of high-fre- 
quency output signals, whose frequencies are different 
from each other, can be amplified by the single high-fre- 

5 quency amplifier. 

Therefore, similarly as in the case of the first high- 
frequency amplifier of the present invention, the size, 
weight and price of a device, in which the high-fre- 
quency amplifier is provided, can be reduced. 

10 In the case of the fifth high-frequency amplifier of 
the present invention, the matching circuit of the low- 
pass filter type that performs a matching correspond- 
ingly to the first high-frequency input signal and permits 
the second high-frequency input signal, whose fre- 

is quency is higher than the aforesaid first high-frequency 
input signal, to pass therethrough is employed as the 
aforesaid first input matching circuit. Moreover, the 
matching circuit of the low-pass filter type, which per- 
forms a matching correspondingly to the second high- 

20 frequency input signal and permits the first high-fre- 
quency input signal to path therethrough, is employed 
as the aforesaid second input matching circuit. Thus, 
even if the parameters corresponding to the circuit ele- 
ments composing the second input matching circuit are 

25 changed so as to perform a matching correspondingly 
to the second high-frequency input signal, this have little 
effect on the matching corresponding to the second 
high-frequency input signal. 

Thus, the design and regulation of the first input 

30 matching circuit can be performed independent of those 
of the second input matching circuit. Thereby, the 
design and regulation of each of the input matching cir- 
cuit can be further facilitated. 

Further, similarly as in the case of the first high-fre- 

35 quency amplifier according to the present invention, in 
the case where the aforesaid first input matching circuit 
is a matching circuit of the low-pass filter type that per- 
forms a matching correspondingly to the first high-fre- 
quency input signal and permits the second high- 

40 frequency input signal, whose frequency is lower than 
the aforesaid first high-frequency input signal, to pass 
therethrough, and where the aforesaid second input 
matching circuit is a matching circuit of the high-pass fil- 
ter type that performs a matching correspondingly to the 

45 second high-frequency input signal and permits the first 
high-frequency input signal to pass therethrough, 
advantages or effects simitar to those of the fifth high- 
frequency amplifier of the present invention are 
obtained. 

so In the case of the seventh high-frequency amplifier 
of the present invention, the matching circuit of the low- 
pass filter type that performs a matching correspond- 
ingly to the first high-frequency output signal and cuts 
off the second high-frequency output signal, whose fre- 

55 quency is higher than the aforesaid first high-frequency 
output signal, is employed as the aforesaid first output 
matching circuit. Moreover, the matching circuit of the 
high-pass filter type, which performs a matching corre- 
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spondingly to the second high-frequency output signal 
and cuts off the first high-frequency output signal, is 
employed as the aforesaid second output matching cir- 
cuit. Thus, even if the parameters corresponding to the 
circuit elements composing the first output matching cir- 5 
curt are changed so as to perform a matching corre- 
spondingly to the first high-frequency output signal, this 
have little effect on the matching corresponding to the 
second high-frequency output signal. Further, even if 
the parameters corresponding to the circuit elements to 
composing the second output matching circuit are 
changed so as to perform a matching correspondingly 
to the second high-frequency output signal, this have lit- 
tle effect on the matching corresponding to the first 
high-frequency output signal. 75 

Thus, the design and regulation of the first output 
matching circuit can be performed independent of those 
of the second output matching circuit. Thereby, the 
design and regulation of each of the output matching 
circuit can be facilitated. 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features, objects and advantages of the 
present invention will become apparent from the follow- 25 
ing description of preferred embodiments with reference 
to the drawings in which like reference characters des- 
ignate like or corresponding parts throughout several 
views, and in which: 

30 

FIG. 1 is a circuit diagram illustrating the configura- 
tion of a high-frequency amplifier, embodying the 
present invention, which is a first embodiment of 
the present invention; 

FIG. 2 is a characteristic diagram illustrating the f re- 35 
quency characteristics of an output matching circuit 
of the low-pass type and another output matching 
circuit of the high-pass type, which are provided in 
the high-frequency amplifier, namely, the first 
embodiment of the present invention; 40 
FIG. 3 is a circuit diagram illustrating the configura- 
tion of another high-frequency amplifier embodying 
the present invention, which is a second embodi- 
ment of the present invention; 

FIG. 4 is a circuit diagram illustrating the conf igura- 45 
tion of still another high-frequency amplifier embod- 
ying the present invention, which is a third 
embodiment of the present invention; 
FIG. 5 is a circuit diagram illustrating the configura- 
tion of yet another high-frequency amplifier embod- so 
ying the present invention, which is a fourth 
embodiment of the present invention; 
FIG. 6 is a characteristic diagram illustrating the fre- 
quency characteristics of an output matching circuit 
of the low-pass type and another output matching ss 
circuit of the high-pass type, which are provided in 
the high-frequency amplifier, namely, the fourth 
embodiment of the present invention; 



FIG. 7 is a characteristic diagram illustrating the 
input return loss characteristics of the high-fre- 
quency amplifier, namely, the fourth embodiment of 
the present invention; 

FIG. 8 is a circuit diagram illustrating the configura- 
tion of yet another high-frequency amplifier embod- 
ying the present invention, which is a fifth 
embodiment of the present invention; 
FIG. 9 is a circuit diagram illustrating the configura- 
tion of a further another high-frequency amplifier 
embodying the present invention, which is a sixth 
embodiment of the present invention; 
FIG. 10 is a circuit diagram illustrating the configu- 
ration of a conventional high-frequency amplifier; 
FIG. 1 1 is a block circuit diagram illustrating the 
configuration of the conventional high-frequency 
amplifier and changeover switches; 
FIG. 12 is a block circuit diagram illustrating the 
configuration of a further embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, the preferred embodiments of the 
present invention will be described in detail by referring 
to the accompanying drawings. 

First, an example of application of a high-frequency 
amplifier embodying the present invention, namely, a 
first embodiment of the present invention to a high-fre- 
quency amplifier for amplifying a transmission signal of 
a portable telephone of the common type will be cited 
as an example, and will be described by referring to 
FIGS. 1 and 2. 

In FIG. 1 , reference numeral 31 designates a high- 
frequency amplifier of the present invention. This high- 
frequency amplifier 31 is, for example, a high-frequency 
power amplifier provided in a portable telephone 
adapted to send two kinds of transmission (radio) 
waves, the corresponding frequency bands of which are 
different from each other, and is utilized to amplify two 
kinds of transmission signals (namely, high-frequency 
signals) used as the transmission waves of different fre- 
quency bands. For instance, in the case that the fre- 
quencies of the frequency band of the transmission 
waves to be used in a certain area range from 890 MHz 
to 915 MHz and the center frequency f1 thereof is 902.5 
MHz and that the frequencies of the frequency band of 
the transmission waves to be used in another area 
range from 1430 MHz to 1450 MHz and the center fre- 
quency f2 thereof is 1440 MHz, this high-frequency 
amplifier is adjusted in such a manner as to optimally 
amplify both of the transmission signal, whose center 
frequency is f1, and the transmission signal, whose 
center frequency is f2. 

Reference numeral 32 designates an input terminal 
of a high-frequency amplifier 31. This input terminal 32 
is connected to a transmission signal generating circuit 
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(not shown) of the portable telephone of the common 
type. Transmission input signals, which are two kinds of 
high-frequency input signals of different frequency 
bands, are inputted from this transmission signal gener- 
ating circuit to this input terminal 32. Namely, a trans- 
mission input signal A1, whose center frequency is f1 
(namely, 902.5 MHz) and another transmission input 
signal A2, whose center frequency is f2 (namely, 1440 
MHz), are inputted to this input terminal 32. Reference 
numeral 33 denotes a coupling capacitor for removing 
the d.c. components of the transmission input signals 
A1 and A2 at the input side of the high-frequency ampli- 
fier 31. 

Reference numeral 34 denotes an input matching 
circuit of the low-pass filter type (hereunder referred to 
as the "input matching circuit 34 of the low-pass type"). 
This input matching circuit 34 of the low-pass type is 
composed of a coil 35, which acts as an inductive ele- 
ment provided at a halfway point on a signal line extend- 
ing from the input terminal 32 to the gate terminal of a 
field effect transistor FET 38 (to be described later), and 
a capacitor 36 acting as a capacitive element provided 
between the signal line and the ground. Namely, the 
input matching circuit of the low-pass type 34 has a cir- 
cuit configuration similar to that of what is called a low- 
pass filter (LPF), in which the coil 35 and the capacitor 
36 are connected in an L-shaped configuration. 

Further, in the input matching circuit 34 of the low- 
pass type, parameters such as the inductance of the 
coil 35 and the capacity of the capacitor 36 are set in 
such a way that a matching is performed correspond- 
ingly to each of the transmission input signals A1 and 
A2. Namely, each of the parameters respectively corre- 
sponding to the coil 35 and the capacitor 36 is set so 
that a reflection coefficient corresponding to the center 
frequency f1 of the transmission input signal A1 and 
another reflection coefficient corresponding to the 
center frequency f2 of the transmission input signal A2 
are optimized in such a way as to be brought into good 
balance and that the input return loss is minimized. 

Reference numeral 37 designates a power amplifi- 
cation circuit connected to the output side or terminal of 
the input matching circuit 34 of the low-pass type. This 
power amplification circuit 37 is roughly composed of a 
field effect transistor 38 (hereunder referred to as an 
"FET 38"), an input-side bias circuit 39 for setting an 
input-side bias voltage of this FET 38, and an output- 
side bias circuit 40 for setting an output-side bias volt- 
age of the FET 38. Moreover, each of the bias circuits 
39 and 40 is constituted by connecting a d.c. power sup- 
ply 41, a choke coil 42 and bypass capacitor 43 
together, as illustrated in FIG. 1. 

Further, this power amplification circuit 37 amplifies 
the transmission input signals A1 and A2, correspond- 
ingly to each of which a matching is accomplished by 
the input matching circuit 34 of the low-pass type, to the 
extent that these input signals can be used as transmis- 
sion waves of the portable telephone (for example, to 1 



W or so). Moreover, this power amplification circuit 37 
outputs resultant signals to output matching circuits 44 
and 49 as transmission output signals B1 and B2, 
respectively. Namely, this power amplification circuit 37 

5 amplifies the transmission input signal A1 and outputs 
the transmission output signal B1, whose center fre- 
quency is f 1 . Furthermore, this power amplification cir- 
cuit 37 amplifies the transmission input signal A2 and 
outputs the transmission output signal B2, whose center 

10 frequency is f2. 

Incidentally, although the FET 38 is provided in this 
power amplification circuit 37 in this embodiment, 
another active element such as a bipolar transistor may 
be applied thereto instead of the FET 38. Further. 

is although this power amplification circuit 37 is consti- 
tuted by a single-stage amplifier consisting of the single 
FET 38, the circuit 37 may be constituted by a multi- 
stage amplifier composed of a plurality of FETs or tran- 
sistors. 

20 Reference numeral 44 denotes an output matching 
circuit of the low-pass filter type (hereunder referred to 
as the "output matching circuit of the low-pass type 44") 
for performing a matching correspondingly to the trans- 
mission output signal B1. This output matching circuit 

25 44 of the low-pass type consists of a coil 45. which acts 
as an inductive element provided at a halfway point on a 
signal line extending from the drain terminal of the FET 
38 to an output terminal 48 (to be described later), and 
a capacitor 46 acting as a capacitive element provided 

30 between the signal tine and the ground. Namely, the 
output matching circuit of the low-pass type 44 has a cir- 
cuit configuration similar to that of what is called a low- 
pass filter (LPF), in which the coil 45 and the capacitor 
46 are connected in an L-shaped configuration. 

35 Further, in this output matching circuit 44 of the low- 
pass type, parameters such as the inductance of the 
coil 45 and the capacity of the capacitor 46 are set in 
such a manner that a matching is performed corre- 
spondingly to the transmission output signal B1. 

40 Namely, each of the parameters respectively corre- 
sponding to the coil 45 and the capacitor 46 is set in 
such a way that a reflection coefficient corresponding to 
the center frequency f 1 of the transmission output signal 
B is optimized. 

45 Moreover, this output matching circuit 44 of the low- 
pass type has the frequency characteristic indicated by 
a characteristic lie or curve a1 in FIG. 2. Namely, in the 
case that the parameters corresponding to the coil 45 
and the capacitor 46 are set in such a manner that a 

50 matching is effected correspondingly to the center fre- 
quency f 1 (namely, 902.5 MHz) of the transmission out- 
put signal B1, the output matching circuit 44 of the low- 
pass type has the characteristics, by which signals, 
whose frequencies are higher than the center frequency 

55 f 1 of the transmission output signal B1 , of the frequency 
band are cut off. 

Here, note that as above described, the center fre- 
quency f1 of the transmission output signal B1 is, for 
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example, 902.5 MHz, that the center frequency f2 of the 
transmission output signal B2 is, for instance, 1440 MHz 
and that thus, the center frequency f2 of the transmis- 
sion output signal B2 is higher than the center fre- 
quency f1 of the transmission output signal B1. As a 5 
result, as illustrated in FIG. 2, the center frequency f2 of 
the transmission output signal B2 is in a cut-off region in 
the frequency characteristics of the output matching cir- 
cuit 44 of the low-pass type. Therefore, this output 
matching circuit 44 of the low-pass type performs a 10 
matching correspondingly to the transmission output 
signal B1 and cuts off the transmission output signal B2. 

Reference numeral 47 denotes a coupling capacitor 
for eliminating a bias current. Further, reference 
numeral 48 denotes a first output terminal of the high- is 
frequency amplifier 31. This output terminal 48 is con- 
nected to the antenna-side terminal of the portable tele- 
phone. Moreover, the transmission output signal B1 t 
correspondingly to which a matching is performed by 
the output matching circuit 44 of the low-pass type, is 20 
outputted from this output terminal 48. 

Reference numeral 49 designates an output match- 
ing circuit 49 of the high-pass filter type (hereunder 
referred to as an "output matching circuit of the high- 
pass type"). This output matching circuit 49 of the high- 25 
pass type is composed of a capacitor 50 serving as a 
capacitiye element provided at a halfway point on a sig- 
nal line extending from the drain terminal of the FET 38 
to an output terminal 52 (to be described later) and a 
coil 51, which acts as an inductive element provided 30 
between the signal line and the ground. Namely, this 
output matching circuit 49 of the high-pass type has a 
circuit configuration similar to that of what is called a 
low-pass filter (LPF), in which the capacitor 50 and the 
coil 51 are connected to each other in an L-shaped con- 35 
figuration. 

Further, -in this output matching circuit 49 of the 
high-pass type, parameters such as the capacity of the 
capacitor 50 and the inductance of the coil 51 are set in 
such a manner that a matching is performed corre- 40 
spondingly to the transmission output signal B2. 

Furthermore, this output matching circuit 49 of the 
low-pass type has the frequency characteristic indi- 
cated by a characteristic lie or curve a2 in FIG. 2. 
Namely, in the case that the parameters corresponding 45 
to the capacitor 50 and the coil 51 are set in such a 
manner that a matching is effected correspondingly to 
the center frequency f2 (namely, 1440 MHz) of the 
transmission output signal B2, the output matching cir- 
cuit 49 of the high-pass type has the characteristics, by so 
which signals, whose frequencies are lower than the 
center f2 of the transmission output signal B2, of the fre- 
quency band are cut off. As a result, as illustrated in 
FIG. 2, the center frequency f1 of the transmission out- 
put signal B1 is in a cut-off region in the frequency char- 55 
acteristics of the output matching circuit 49 of the high- 
pass type. Therefore, this output matching circuit 49 of 
the high-pass type performs a matching correspond- 



ingly to the transmission output signal B2 and cuts off 
the transmission output signal B1 . 

Reference numeral 52 denotes a second output ter- 
minal of the high-frequency amplifier 31 . This output ter- 
minal 52 is connected to the antenna-side terminal of 
the portable telephone, together with the output termi- 
nal 48. Namely, the output terminals 48 and 52 are con- 
nected to the antenna-side terminal of the portable 
telephone in such a manner as to be in parallel with 
each other. Moreover, the transmission output signal 
B2, correspondingly to which a matching is performed 
by the output matching circuit 49 of the high-pass type, 
is outputted from this output terminal 52. 

The high-frequency amplifier 31 of this embodiment 
has the aforementioned configuration. In accordance 
with this high-frequency amplifier 31, when the trans- 
mission input signal A1 is outputted from the aforesaid 
transmission signal generating circuit, the input match- 
ing circuit 34 effects a matching correspondingly to the 
transmission input signal A1 . Further, the power amplifi- 
cation circuit 37 amplifies this transmission input signal 
A1 and outputs the transmission output signal B1. 
Moreover, the output matching circuit 44 of the low-pass 
type effects a matching correspondingly to this trans- 
mission output signal B1 and outputs this transmission 
output signal B1 to the antenna-side terminal of the 
portable telephone through the output terminal 48. Inci- 
dentally, the transmission output signal B1 outputted 
from the power amplification circuit 37 is cut off by the 
output matching circuit 49 of the high-pass type. Thus, 
the transmission output signal B1 does not flow through 
the output terminal 52. 

Meanwhile, when the transmission input signal A2 
is outputted from the aforesaid transmission signal gen- 
erating circuit, the input matching circuit 34 of the low- 
pass type performs a matching correspondingly to this 
transmission input signal A2. Further, the power amplifi- 
cation circuit 37 amplifies the transmission input signal 
A2 and outputs this transmission output signal B2. 
Moreover, the output matching circuit 49 of the high- 
pass type ef fe ct s a matching correspondingly to this 
transmission output signal B2 ad outputs the aforesaid 
transmission signal B2 to the antenna-side terminal of 
the portable telephone through the output terminal 52. 
Incidentally the transmission output signal B2 outputted 
from the power amplification circuit 37 is cut off by the 
output matching circuit 44 of the low-pass type. Thus, 
the transmission output signal B2 does not pass 
through the output terminal 48. 

Hereinafter, it will be described how the aforesaid 
high-frequency amplifier 31 performs a matching corre- 
spondingly to each of the transmission output signals 
B1 and B2. 

Namely, the transmission output signals B1 and B2 
are different in frequency from each other. To perform a 
matching correspondingly to each of the transmission 
output signals B1 and B2, there is the necessity of set- 
ting a reflection coefficient corresponding to the trans- 
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mission output signal B1 and a reflection coefficient 
corresponding to the transmission output signal B2 at 
optimum values, respectively, at the output-side termi- 
nal of the power amplification circuit 37 by taking the 
output characteristics, bias conditions and gain thereof 5 
into consideration. 

Thus, in the output matching circuit 44 of the low- 
pass type, the parameter corresponding to each of the 
coil 45 and the capacitor 46 composing the output 
matching circuit 44 of the low-pass type are set in such 10 
a manner that an optimum reflection coefficient corre- 
sponding to the transmission output signal B1 is 
obtained. Further, in the output matching circuit 49 of 
the high-pass type, the parameters respectively corre- 
sponding to the capacitor 50 and the coil 51 composing 15 
the output matching circuit 49 of the high-pass type are 
set in such a way that an optimum reflection coefficient 
corresponding to the transmission output signal B2 is 
obtained. 

Thereby, the matching is achieved correspondingly 20 
to each of the transmission output signals B1 and B2 so 
that a maximum gain is obtained. 

Further, in the case of the high-frequency amplifier 
31 of this embodiment, the output matching circuit 44 of 
the low-pas type, which cuts off a high-frequency band 25 
according to the frequency characteristics thereof, and 
the output matching circuit 49, which cuts off a low-fre- 
quency band according to the frequency characteristics 
thereof, are connected in parallel with each other, as 
illustrated in FIG. 1 . Thereby, the output matching circuit 30 
44 of the low-pass type performs a matching corre- 
spondingly to the transmission output signal B1 but cuts 
off the transmission output signal B2. On the other 
hand, the output matching circuit 49 of the high-pass 
type performs a matching correspondingly to the trans- 35 
mission output signal B2 but cuts off the transmission 
output signal B1 . 

As a result, when viewing a load from the drain ter- 
minal of the FET 38 of the power amplification circuit 37 
(namely, when facing the output terminals 48 and 52), 40 
the circuit characteristics of the output matching circuit 
49 of the high-pass type have a small effect on the 
reflection coefficient corresponding to the transmission 
output signal B1. Instead, the influence of the circuit 
characteristics of the output matching circuit 44 of the 45 
low-pass type upon the reflection coefficient is predom- 
inant. On the other hand, the circuit characteristics of 
the output matching circuit 44 of the low-pass type have 
a small effect on the reflection coefficient corresponding 
to the transmission output signal B1. Instead, the influ- so 
ence of the circuit characteristics of the output matching 
circuit 49 of the high-pass type upon the reflection coef- 
ficient is predominant. 

Therefore, even if the parameters corresponding to 
the coil 45 and the capacitor 46 provided in the output ss 
matching circuit 44 of the low-pass type are changed so 
as to perform a matching correspondingly to the trans? 
mission output signal B1 , and if the reflection coefficient 



corresponding to the transmission output signal B1 is 
regulated, the reflection coefficient corresponding to the 
transmission output signal B2, which is set by the output 
matching circuit 49 of the high-pass type, hardly 
changes. Moreover, similarly as in this case, even if the 
parameters corresponding to the capacitor 50 and the 
coil 51 provided in the output matching circuit 49 of the 
high-pass type are changed so as to perform a match- 
ing correspondingly to the transmission output signal 
B2, and if the reflection coefficient corresponding to the 
transmission output signal B2 is regulated, the reflection 
coefficient corresponding to the transmission output sig- 
nal B1, which is set by the output matching circuit 44 of 
the low-pass type, scarcely changes. 

Thus, in the case of this embodiment, as a result of 
connecting the output matching circuit 44 of the low- 
pass type and the output matching circuit 49 of the high- 
pass type in parallel with each other at the output side of 
the high-frequency amplifier 31 , each of the two kinds of 
the transmission signals, whose frequencies are differ- 
ent from each other, can be amplified by the circuit hav- 
ing the corresponding optimum characteristics. 

Thereby, the two kinds of the transmission signals, 
whose frequencies are different from each other, can be 
amplified by. only providing the single high-frequency 
amplifier of the present invention in the portable tele- 
phone of the common type. Further, the necessity of the 
two high-frequency amplifiers 21 and 22 and the 
changeover switches 23, which are provided in the con- 
ventional high-frequency amplifier (see FIG. 10), is 
eliminated. Consequently, the reduction in the size, 
weight and price of the portable telephone (set), in 
which this high-frequency amplifier 31 is provided, can 
be achieved. 

Furthermore, a combination of matching circuits of 
the low-pass type and the high-pass type are employed 
as the output matching circuits 44 and 49. Thereby, the 
output matching circuit 44 of the low-pass type and the 
output matching circuit 49 of the high-pass type are 
independent of each other. Thus, the setting of the 
reflection coefficient corresponding to the transmission 
output signal B1 can be achieved independent of the 
setting of the reflection coefficient corresponding to the 
transmission output signal B2. Consequently, the 
design and regulation of each of the output matching 
circuits 44 and 49 can be facilitated. 

Next, the case of application of another high-fre- 
quency amplifier embodying the present invention, 
namely, a second embodiment of the present invention 
to a high-frequency amplifier for amplifying a transmis- 
sion signal of a portable telephone of the colon type will 
be cited as another example, and will be described by 
referring to FIG. 3. 

Characteristic aspects of this high-frequency ampli- 
fier 61 of the present invention, namely, this embodi- 
ment reside in that an output matching circuit 62 ol the 
low-pass type, which is constituted by a matching circuit 
of the low-pass filter type, is employed as a first output 
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matching circuit for performing a matching correspond- 
ing to the transmission output signal B1, whose center 
frequency is f 1 (namely, 902.5 MHz), and that an output 
matching circuit 63 of the low-pass type, which is consti- 
tuted by a matching circuit of the low-pass filter type, is 5 
employed as a second output matching circuit for per- 
forming a matching corresponding to the transmission 
output signal B2, whose center frequency is f2 (namely, 
1440 MHz). 

Namely, the output matching circuit 62 of the low- 10 
pass type is constituted by connecting a coil 64 and a 
capacitor 65 with each other in an L-shaped configura- 
tion, similarly as the output matching circuit 44 of the 
low-pass type in the case of the aforementioned first 
embodiment. Thus, the output matching circuit 62 has a is 
circuit configuration which is similar to that of a low-pass 
filter. Further, in this output matching circuit 62 of the 
low-pass type, the parameters such as the inductance 
of the coil 64 and the capacity of the capacitor 65 are set 
in such a manner that a matching is performed corre- 20 
spondingly to the center frequency f1 of the transmis- 
sion output signal B1 . Moreover, a coupling capacitor 66 
for eliminating a bypass current is provided at the output 
side of this output matching circuit 62 of the low-pass 
type. 25 

Moreover, the output matching circuit 63 of the low- 
pass type is constituted by connecting a coil 67 and a 
capacitor 68 with each other in an L-shaped configura- 
tion, similarly as the aforementioned output matching 
circuit 62 of the low-pass type. Thus, the output match- 30 
ing circuit 63 has a circuit configuration which is similar 
to that of a low-pass filter. Further, in this output match- 
ing circuit 63 of the low-pass type, the parameters such 
as the inductance of the coil 67 and the capacity of the 
capacitor 68 are set in such a manner that a matching is 35 
performed correspondingly to the center frequency f2 of 
the transmission output signal B2. Moreover, a coupling 
capacitor 69 for eliminating a bypass current is provided 
at the output side of this output matching circuit 63. of 
the low-pass type. 40 

The high-frequency amplifier 61 constructed as 
above described, namely, this embodiment has advan- 
tages or effects that are nearly the same as those of the 
high-frequency amplifier 31 , namely, the first embodi- 
ment. Incidentally, because both of the output matching 45 
circuits 62 and 63 are of the low-pass filter type, the cir- 
cuit characteristic of the output matching circuit 62 and 
that of the output matching circuit 63 depend upon each 
other. Thus, each of the parameters of the coil 64 and 
the capacitor 65 and each of the parameters of the coil so 
67 and the capacitor 68 are set by being regulated in 
such a manner that the matching corresponding to the 
transmission output signal B1 and the matching corre- 
sponding to the transmission output signal 82 are simul- 
taneously performed. 55 

Next, the case of application of still another high- 
frequency amplifier embodying the present invention, 
namely, a third embodiment of the present invention to a 



high-frequency amplifier for amplifying a transmission 
signal of a portable telephone of the common type will 
be cited as still another example, and will be described 
by referring to FIG. 4. Characteristic aspect of this 
embodiment resides in that an input matching circuit 
provided at the input side of the high-frequency ampli- 
fier is constructed by connecting a matching circuit of 
the low-pass filter type and a matching circuit of the 
high-pass filter type with each other in parallel. Inciden- 
tally, like reference characters designate like composing 
elements of the aforementioned first embodiment. 
Moreover, the description of such composing elements 
is omitted herein. 

In FIG. 4, reference numeral 71 designates a high- 
frequency amplifier of this embodiment. Reference 
numeral 72 denotes a first input terminal of this high-fre- 
quency amplifier 71 . This input terminal 72 is connected 
to a transmission signal generating circuit (not shown) 
of the portable telephone of the common type. Further, 
a transmission input signal A1 , whose center frequency 
is f1 (namely, 902.5 MHz) and another transmission 
input signal A2, whose center frequency is f2 (namely, 
1440 MHz), are inputted to this input terminal 72. 

Reference numeral 74 denotes an input matching 
circuit of the low-pass filter type (hereunder referred to 
as the "input matching circuit 74 of the low-pass type") 
connected to the input terminal 72 through a coupling 
capacitor 73. This input matching circuit 74 of the low- 
pass type is composed of a coil 75, which acts as an 
inductive element provided at a halfway point on a sig- 
nal line extending from the input terminal 72 to the gate 
terminal of a field effect transistor (FET) 38 (to be 
described later), and a capacitor 76 acting as a capaci- 
tive element provided between the signal line and the 
ground. Namely, the input matching circuit 74 of the low- 
pass type has a circuit configuration similar to that of 
what is called a low-pass filter (LPF), in which the coil 75 
and the capacitor 76 are connected in an L-shaped con- 
figuration. 

Further, in the input matching circuit 74 of the low- 
pass type, parameters such as the inductance of the 
coil 75 and the capacity of the capacitor 76 are set in 
such a way that a matching is performed correspond- 
ingly to the center frequency f 1 of the transmission input 
signal A1. Namely, each of the parameters respectively 
corresponding to the coil 75 and the capacitor 76 is set 
so that a reflection coefficient corresponding to the 
center frequency f1 of the transmission input signal A1 
is optimized and that the input return loss is minimized. 

Further, in this output matching circuit 74 of the low- 
pass type, nearly like the case of the output matching 
circuit 44 of the low-pass type described in the descrip- 
tion of the first embodiment, the parameters corre- 
sponding to the coil 75 and the capacitor 76 ar set in 
such a manner that a matching is performed corre- 
spondingly to the center frequency f1 (902.5 MHz) of 
the transmission input signal A1. Thereby, the input 
matching circuit 74 of the low-pass type has the charac- 
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teristics, by which signals, whose frequencies are 
higher than the center frequency f1 of the transmission 
input signal A1, of the frequency band are cut off (see 
the characteristic line a 1 in FIG. 2). 

Here, note that as above described, the center fre- s 
quency f1 of the transmission input signal A1 is, for 
example, 902.5 MHz, that the center frequency f2 of the 
transmission input signal A2 is, for instance, 1440 MHz 
and that thus, the center frequency f2 of the transmis- 
sion input signal A2 is higher than the center frequency 10 
f1 of the transmission input signal A1. As a result, the 
center frequency f2 of the transmission output signal A2 
is in a cut-off region in the frequency characteristics of 
the input matching circuit 74 of the low-pass type. 
Therefore, this input matching circuit 74 of the low-pass is 
type performs a matching correspondingly to the trans- 
mission input signal A1 and cuts off the transmission 
input signal A2. 

Reference numeral 77 denotes a second input ter- 
minal of this high-frequency amplifier 71 . This input ter- 20 
minal 77 is connected to a transmission signal 
generating circuit (not shown) of the portable telephone 
of the common type, together with the input terminal 72. 
Namely, the aforesaid input terminal 72 and the input 
terminal 77 are connected in parallel to the transmission 25 
signal generating circuit of the portable telephone of the 
common type. Further, the transmission input signals 
A1 and A2 are inputted to this input terminal 77. 

Reference numeral 78 denotes an input matching 
circuit of the high-pass filter type (hereunder referred to 30 
as the "input matching circuit 78 of the high-pass type"), 
which is connected to the input terminal 77 and per- 
forms a matching corresponding to the transmission 
input signal A2. This input matching circuit 78 of the 
high-pass type is composed of a capacitor 79 acting as 35 
a capacitive element provided at a halfway point on a 
signal line extending from the input terminal 77 to the 
FET 38, and a coil 80. which acts as an inductive ele- 
ment provided between the signal line and the ground. 
Namely, the input matching circuit 78 of the high-pass 40 
type has a circuit configuration similar to that of what is 
called a high-pass filter (HPF), in which the capacitor 79 
and the coil 80 are connected in an L-shaped configura- 
tion. 

Further, in this output matching circuit 78 of the low- 45 
pass type, parameters such as the capacity of the 
capacitor 79 and the inductance of the coil 75 are set in 
such a manner that a matching is performed corre- 
spondingly to the center frequency f2 of the transmis- 
sion input signal A2. so 

Further, in this output matching circuit 78 of the 
high-pass type, nearly like the case of the output match- 
ing circuit 49 of the high-pass type described in the 
description of the first embodiment, parameters corre- 
sponding to the capacitor 79 and the coil 80 are set in 55 
such a manner that a matching is performed corre- 
spondingly to the center frequency f2 (1 440 MHz) of the 
transmission input signal A2. Thereby, the input match- 



ing circuit 78 of the high-pass type has the characteris- 
tics, by which signals, whose frequencies are lower than 
the center frequency f2 of the transmission input signal 
A2, of the frequency band are cut off (see the character- 
istic line or curve a2 in FIG. 2). As a result, the center 
frequency f 1 of the transmission input signal A1 is in a 
cut-off region in the frequency characteristics of the 
input matching circuit 78 of the high-pass type. There- 
fore, this input matching circuit 78 of the high-pass type 
performs a matching correspondingly to the transmis- 
sion input signal A2 and cuts off the transmission input 
signal A1 . 

The high-frequency amplifier 71 of this embodiment 
has the aforementioned configuration. In accordance 
with this high-frequency amplifier 71, when the trans- 
mission input signal A1 is outputted from the aforesaid 
transmission signal generating circuit to the input termi- 
nal 72, the input matching circuit 74 of the low-pass type 
effects a matching correspondingly to the transmission 
input signal A1 . At that time, the transmission input sig- 
nal A1 is also outputted to the input terminal 77. This 
transmission input signal A1 is cut off by the input 
matching circuit 78 of the high-pass type. Therefore, this 
transmission input signal A1 does not flow into the 
power amplification circuit 37 through the input match- 
ing circuit 78 of the high-pass type. Further, the power 
. amplification circuit 37 amplifies this transmission input 
signal A1, correspondingly to which a matching is per- 
formed by the input matching circuit 74 of the low-pass 
type, and outputs the transmission output signal B1. 
Moreover, the output matching circuit 44 of the low-pass 
type effects a matching correspondingly to this trans- 
mission output signal B1 and outputs this transmission 
output signal B1 to the antenna-side terminal of the 
portable telephone through the output terminal 48. Inci- 
dentally, the transmission output signal B1 outputted 
from the power amplification circuit 37 is cut off by the 
output matching circuit 49 of the high-pass type. Thus, 
the transmission output signal B1 does not flow through 
the output terminal 52. 

Meanwhile, when the transmission input signal A2 
is outputted from the aforesaid transmission signal gen- 
erating circuit to the input terminal 77, the input match- 
ing circuit 78 of the high-pass type performs a matching 
correspondingly to this transmission input signal A2. At 
that time, the transmission input signal A2 is also out- 
putted to the input terminal 72. This transmission input 
signal A2 is cut off by the input matching circuit 74 of the 
low-pass type. Therefore, this transmission input signal 
A2 does not flow into the power amplification circuit 37 
through the input matching circuit 74 of the low-pass 
type. Further, the power amplification circuit 37 ampli- 
fies the transmission input signal A2 and outputs this 
transmission output signal B2. Moreover, the output 
matching circuit 49 of the high-pass type effects a 
matching correspondingly to this transmission output 
signal B2 ad outputs the aforesaid transmission signal 
B2 to the antenna-side terminal of the portable tele- 
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phone through the output terminal 52. Incidentally, the 
transmission output signal B2 outputted from the power 
amplification circuit 37 is cut off by the output matching 
circuit 44 of the low-pass type. Thus, the transmission 
output signal B2 does not pass through the output ter- 5 
minal 48. 

Hereinafter, it will be described how the input 
matching circuit 74 of the low-pass type and the input 
matching circuit 78 of the high-pass type, which are the 
characteristic composing elements of this embodiment, 10 
perform a matching correspondingly to each of the 
transmission input signals A1 and A2. 

Namely, the transmission input signals A1 and A2 
are different in frequency from each other. To perform a 
matching correspondingly to each of the transmission 15 
input signals A1 and A2, there is the necessity of setting 
a reflection coefficient corresponding to the transmis- 
sion input signal A1 and a reflection coefficient corre- 
sponding to the transmission input signal A2 at optimum 
values, respectively, at the input-side terminal of the 20 
power amplification circuit 37 in such a way that the 
input return loss is minimized. 

Thus, in the input matching circuit 74 of the low- 
pass type, the parameter corresponding to each of the 
coil 75 and the capacitor 76 composing the input match- 25 
ing circuit 74 of the low-pass type are set in such a man- 
ner that an optimum reflection coefficient corresponding 
to the transmission input signal A1 is obtained. Further, 
in the input matching circuit 78 of the high-pass type, 
the parameters respectively corresponding to the 30 
capacitor 79 and the coil 80 composing the input match- 
ing circuit 78 of the high-pass type are set in such a way 
that an optimum reflection coefficient corresponding to 
the transmission input signal A2 is obtained. 

Thereby, the matching is achieved correspondingly 35 
to each of the transmission input signals A1 and A2 so 
that the input return loss is minimized. 

Further, in the case of this embodiment, the input 
matching circuit 74 of the low-pas type, which cuts off a 
high-frequency band according to the frequency char- 40 
acteristics thereof, and the input matching circuit 78, 
which cuts off a low-frequency band according to the 
frequency characteristics thereof, are connected in par- 
allel with each other. Thereby, the input matching circuit 
74 of the low-pass type performs a matching corre- 45 
spondingly to the transmission input signal A1 but cuts 
off the transmission input signal A2. On the other hand, 
the input matching circuit 78 of the high-pass type per- 
forms a matching correspondingly to the transmission 
input signal A2 but cuts off the transmission input signal so 
A1. 

As a result, at the input side of the power amplifica- 
tion circuit 37, the circuit characteristics of the input 
matching circuit 78 of the high-pass type have a small 
effect on the reflection coefficient corresponding to the 55 
transmission input signal A1. Instead, the influence of 
the circuit characteristics of the input matching circuit 74 
of the high-pass type upon the reflection coefficient is 



predominant. On the other hand, the circuit characteris- 
tics of the output matching circuit 74 of the high-pass 
type have a small effect on the reflection coefficient cor- 
responding to the transmission input signal A2. Instead, 
the influence of the circuit characteristics of the input 
matching circuit 78 of the low-pass type upon the reflec- 
tion coefficient is predominant. 

Therefore, even if the parameters corresponding to 
the coil 75 and the capacitor 76 provided in the input 
matching circuit 74 of the low-pass type are changed so 
as to perform a matching correspondingly to the trans- 
mission input signal A1 , and if the reflection coefficient 
corresponding to the transmission input signal A1 is 
regulated, the reflection coefficient corresponding to the 
transmission input signal A2, which is set by the input 
matching circuit 78 of the high-pass type, hardly 
changes. Moreover, similarly as in this case, even if the 
parameters corresponding to the capacitor 79 and the 
coil 80 provided in the input matching circuit 78 of the 
high-pass type are changed so as to perform a match- 
ing correspondingly to the transmission input signal A2, 
and if the reflection coefficient corresponding to the 
transmission input signal A2 is regulated, the reflection 
coefficient corresponding to the transmission input sig- 
nal A1, which is set by the input matching circuit 74 of 
the low-pass type, scarcely changes. 

Thus, in the case of this embodiment, the input 
matching circuit 74 of the low-pass type and the input 
matching circuit 78 of the high-pass type are connected 
in parallel with each other at the input side of the high- 
frequency amplifier 71 . Moreover, the output matching 
circuit 44 of the low-pass type and the output matching 
circuit 49 of the high-pass type are connected in parallel 
with each other at the output side of the high-frequency 
amplifier 71 . Thereby, each of the two kinds of the trans- 
mission signals, whose frequencies are different from 
each other, can be amplified by the circuit having the 
corresponding optimum characteristics. Namely, at the 
input side of the high-frequency amplifier 71, the input 
return loss corresponding to each of the transmission 
input signals A1 and A2 can be minimized. Moreover, at 
the output side of the high-frequency amplifier 71 , the 
gain of amplification corresponding to each of the trans- 
mission input signals B1 and B2 can be minimized. 

Consequently, even in the case of the high-fre- 
quency amplifier 71 of this embodiment, the reduction in 
the size, weight and price of the portable telephone 
(set), in which this high-frequency amplifier 71 is pro- 
vided, can be achieved, similarly as in the case of the 
high-frequency amplifier 31 of the first embodiment. 

Furthermore, a combination of matching circuits of 
the low-pass type and the high-pass type are employed 
as the input matching circuits 74 and 79. Thus, the input 
matching circuit 74 of the low-pass type and the input 
matching circuit 78 of the high-pass type become inde- 
pendent of each other. Thus, the setting of the reflection 
coefficient corresponding to the transmission input sig- 
nal A1 can be achieved independent of the setting of the 
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reflection coefficient corresponding to the transmission 
input signal A2. Consequently, the design and regula- 
tion of each of the input matching circuits 74 and 78 can 
be facilitated. ~ 

Furthermore, a matching is effected correspond- s 
ingly to the transmission input signal A1 by the input 
matching circuit 74 of the low-pass type, while the trans- 
mission input signal A2 is cut off. Further, a matching is 
performed correspondingly to the transmission input 
signal A2 by the input matching circuit 78 of the high- 10 
pass type, while the transmission input signal A1 is cut 
off. Thus, at the input side of the high-frequency ampli- 
fier 71, a changeover switch for seleiclively making a 
selection between the transmission input signals A1 
and A2 becomes unnecessary. is 

Next, the case of application of yet another high-fre- 
quency amplifier embodying the present invention, 
namely, a fourth embodiment of the present invention to 
a high-frequency amplifier for amplifying a transmission 
signal of a portable telephone of the common type will 20 
be cited as yet another example, and will be described 
by referring to FIGS. 5 to 7. Characteristic aspect of this 
embodiment resides in that an input matching circuit 
provided at the input side of the high-frequency ampli- 
fier is constructed by connecting a matching circuit of 25 
the high-pass filter type and a matching circuit of the 
low-pass filter type in series with each other. Inciden- 
tally, like reference characters designate like composing 
elements of the aforementioned first embodiment. 
Moreover, the description of such composing elements 30 
is omitted herein. 

In FIG. 5, reference numeral 81 designates a high- 
frequency amplifier of this embodiment. Reference 
numeral 82 denotes an input terminal of this high-fre- 
quency amplrf ier 81 . This input terminal 82 is connected 35 
to a transmission signal generating circuit (not shown) 
of the portable telephone of the common type. Further, 
a transmission input signal A1 , whose center frequency 
is f1 (namely, 902.5 MHz) and another transmission 
input signal A2, whose center frequency is f2 (namely, 40 
1440 MHz), are inputted to this input terminal 72. 

Reference numeral 83 denotes an input matching 
circuit of the high-pass filter type (hereunder referred to 
as the "input matching circuit 83 of the high-pass type") 
connected to the input terminal 82. This input matching 45 
circuit 83 of the high-pass type is composed of a capac- 
itor 84, which acts as an capacitive element provided at 
a halfway point on a signal line extending from the input 
terminal 82 to the gate terminal of the FET 38 (to be 
described later), and a coil 85 acting as an inductive ele- so 
ment provided between the signal line and the ground. 
Namely, the input matching circuit 83 of the high-pass 
type has a circuit configuration similar to that of what is 
called a high-pass filter, in which the capacitor 84 and 
the coil 85 are connected in an L-shaped configuration. 55 

Further, in the input matching circuit 83 of the high- 
pass type, parameters such as the capacity of the 
capacitor 84 and the inductance of the coil 85 are set in 



such a way that a matching is performed correspond- 
ingly to the center frequency f1 of the transmission input 
signal A1 . 

Further, this output matching circuit 83 of the high- 
pass type has frequency characteristics as indicated by 
a characteristic line pi in FIG. 6. Namely, the parame- 
ters corresponding to the coil 75 and the capacitor 76 
are set in such a manner that a matching is performed 
correspondingly to the center frequency f1 (902.5 MHz) 
of the transmission input signal A1. Thereby, this input 
matching circuit 83 of the high-pass type has the char- 
acteristics, by which signals, whose frequencies are 
higher than the center frequency f 1 of the transmission 
input signal A1 , of the frequency band are made to pass 
therethrough. 

Here, note that as above described, the center fre- 
quency f1 of the transmission input signal A1 is, for 
example, 902.5 MHz, that the center frequency f2 of the 
transmission input signal A2 is, for instance, 1440 MHz 
and that thus, the center frequency f2 of the transmis- 
sion input signal A2 is higher than the center frequency 
f1 of the transmission input signal A1. As a result, the 
center frequency f2 of the transmission input signal A2 
is in a passing region in the frequency characteristics of 
the input matching circuit 83 of the high-pass type, as 
illustrated in FIG. 6. Therefore, this input matching cir- 
cuit 83 of the high-pass type performs a matching corre- 
spondingly to the transmission input signal A1 and 
permits the transmission input signal A2 to path there- 
through. 

Reference numeral 86 denotes an input matching 
circuit of the low-pass filter type (hereunder referred to 
as the "input matching circuit 86 of the low-pass type"), 
which is connected in series with the output side of the 
aforementioned input matching circuit 83 of the high- 
pass type and performs a matching corresponding to 
the center frequency f2 of the transmission input signal 
A2. This input matching circuit 86 of the high-pass type 
is composed of a coil 87 acting as an inductive element 
provided at a halfway point on a signal line extending 
from the input terminal 82 to the FET 38, and a capaci- 
tive 88, which acts as a capacitive element provided 
between the signal line and the ground. Namely, the 
input matching circuit 86 of the low-pass type has a cir- 
cuit configuration similar to that of what is called a low- 
pass filter, in which the coil 87 and the capacitor 88 are 
connected in an L-shaped configuration. 

Further, in this input matching circuit 86 of the low- 
pass type, parameters such as the inductance of the 
coil 87 and the capacity of the capacitor 88 are set in 
such a manner that a matching is performed corre- 
spondingly to the center frequency f2 of the transmis- 
sion input signal A2. . 

Further, this input matching circuit 86 of the low- 
pass type has frequency characteristics as indicated by 
a characteristic line (32 in FIG. 6. Namely, parameters 
corresponding to the coil 87 and the capacitor 88 are set 
in such a manner that a matching is performed corre- 
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spondingly to the center frequency f2 (1 440 MHz) of the 
transmission input signal A2. Thereby, the input match- 
ing circuit 86 of the low-pass type has the characteris- 
tics, by which signals, whose frequencies are lower than 
the center frequency f2 of the transmission input signal 5 
A2, of the frequency band are permitted to pass there- 
through. As a result, the center frequency f1 of the 
transmission input signal A1 is in a passing region in the 
frequency characteristics of the input matching circuit 
86 of the low-pass type. Therefore, this input matching 70 
circuit 86 of the low-pass type performs a matching cor- 
respondingly to the transmission input signal A2 and 
permits the transmission input signal A1 to pass there- , 
through. 

The high-frequency amplifier 81 of this embodiment 15 
has the aforementioned configuration. In accordance 
with this high-frequency amplifier 81 , when the trans- 
mission input signal A1 is outputted from the aforesaid 
transmission signal generating circuit to the input termi- 
nal 82, the input matching circuit 83 of the low-pass type 20 
effects a matching correspondingly to the transmission 
input signal A1. Further, the power amplification circuit 
37 amplifies this transmission input signal A1 and out- 
puts the transmission output signal B1. Moreover, the 
output matching circuit 44 of the low-pass type effects a 25 
matching correspondingly to this transmission output 
signal B1 and outputs this transmission output signal B1 
to the antenna-side terminal of the portable telephone 
through the output terminal 48. 

Meanwhile, when the transmission input signal A2 30 
is outputted from the aforesaid transmission signal gen- 
erating circuit to the input terminal 82, the input match- 
ing circuit 86 of the low-pass type performs a matching 
correspondingly to this transmission input signal A2. 
Further, the power amplification circuit 37 amplifies the 35 
transmission input signal A2 and outputs this transmis- 
sion output signal B2. Moreover, the output matching 
circuit 49 of the high-pass type effects a matching corre- 
spondingly to this transmission output signal B2 ad out- 
puts the aforesaid transmission signal B2 to the 40 
antenna-side terminal of the portable telephone through 
the output terminal 52. 

Hereinafter, it will be described how the input 
matching circuits 83 and 86 of this high-frequency 
amplifier 81 perform a matching correspondingly to 45 
each of the transmission input signals A1 and A2. 

The transmission input signals A1 and A2 are differ- 
ent in frequency from each other. To perform a matching 
correspondingly to each of the transmission input sig- 
nals A1 and A2. there is the necessity of setting a ref lec- so 
tion coefficient corresponding to the transmission input 
signal A1 and a reflection coefficient corresponding to 
the transmission input signal A2 at optimum values, 
respectively, at the input-side terminal of the power 
amplification circuit 37 in such a manner that the input 55 
return loss is minimized. 

Thus, in the input matching circuit 83 of the high- 
pass type, the parameter corresponding to each of the 



capacitor 84 and the coil 85 composing the input match- 
ing circuit 83 of the high-pass type are set in such a 
manner that an optimum reflection coefficient corre- 
sponding to the transmission input signal A1 is 
obtained. Further, in the input matching circuit 86 of the 
low-pass type, the parameters respectively correspond- 
ing to the coil 87 and the capacitor 88 composing the 
input matching circuit 86 of the low-pass type are set in 
such a way that an optimum reflection coefficient corre- 
sponding to the transmission input signal A2 is 
obtained. Thereby, the matching is achieved corre- 
spondingly to each of the transmission input signals A1 
and A2 so that the input return loss is minimized. 

Further, in the case of the high-frequency amplifier 
81 of this embodiment, the input matching circuit 83 of 
the high -pass type having the frequency characteristics, 
by which frequencies of a high-frequency band are per- 
mitted to pass therethrough, and the input matching cir- 
cuit 86 of the low-pass type having the frequency 
characteristics, by which frequencies of a low-frequency 
band are permitted to pass therethrough, are connected 
in series with each other, as illustrated in FIG. 5. 
Thereby, the input matching circuit 83 of the high-pass 
type performs a matching correspondingly to the trans- 
mission input signal A1 and permits the transmission 
input signal A2 to pass therethrough. Further, the input 
matching circuit 86 of the low-pass type performs a 
matching correspondingly to the transmission input sig- 
nal A2 and permits the transmission input signal A1 to 
pass therethrough. Consequently, the circuit character- 
istic of the input matching circuit 83 of the high -pass 
type and the circuit characteristic of the input matching 
circuit 86 of the low-pass type do not depend upon each 
other. 

Therefore, even if the parameters corresponding to 
the capacitor 84 and the coil 85 provided in the input 
matching circuit 83 of the high-pass type are changed 
so as to perform a matching correspondingly to the 
transmission input signal A1 , and if the reflection coeffi- 
cient corresponding to the transmission input signal A1 
is regulated, the reflection coefficient corresponding to 
the transmission input signal A2, which is set by the 
input matching circuit 86 of the low-pass type, hardly 
changes. Moreover, similarly as in this case, even if the 
parameters corresponding to the coil 87 and the capac- 
itor 88 provided in the input matching circuit 86 of the 
low-pass type are changed so as to perform a matching 
correspondingly to the transmission input signal A2, and 
if the reflection coefficient corresponding to the trans- 
mission input signal A2 is regulated, the ref lection coef- 
ficient corresponding to the transmission input signal 
A1, which is set by the input matching circuit 83 of the 
high-pass type, scarcely changes. 

Referring now to FIG. 7, there is illustrated the man- 
ner of change in the input-return-loss characteristics of 
the high-frequency amplifier 81 at the time when the 
capacity of the capacitor 88 provided in the input match- 
ing circuit 86 of the high-frequency amplifier 81 is 
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changed. Namely, the characteristic line y1 of FIG. 7 
indicates the input-return-loss characteristics of the 
high-frequency amplification circuit 81 before the 
capacity of the aforementioned capacitor 88 is changed. 
The characteristic line y2 indicates the input-return-loss 
characteristics of the high-frequency amplification cir- 
cuit 81 after the capacity of the aforementioned capaci- 
tor 88 is changed. As is seen from this figure, in 
response to a change in the capacity of the capacitor 88 
provided in the input matching circuit 86 of the low pass 
type, the input-return-loss characteristics in the vicinity 
of the center frequency f2 of the transmission input sig- 
nal A2 change as indicated by an arrow R. However, the 
input-return-loss characteristics in the vicinity of the 
center frequency f 1 of the transmission input signal A1 
do not change. Namely, as is understood from FIG. 7, 
the circuit characteristics of the input matching circuit 83 
of the high-pass type has independence from the circuit 
characteristics of the input matching circuit 86 of the 
high-pass type. 

Thus, the input matching circuit 83 of the high-pass 
type and the input matching circuit 86 of the low-pass 
type are independent of each other. Hence, the setting 
of the reflection coefficient corresponding to the trans- 
mission input signal A1 can be achieved independent of 
the setting of the reflection coefficient corresponding to 
the transmission input signal A2. Consequently, the 
design and regulation of each of the input matching cir- 
cuits 83 and 86 can be further facilitated. 

Thus, in the case of this embodiment, as a result of 
connecting the input matching circuit 83 of the high- 
pass type and the input matching circuit 86 of the low- 
pass type in series with each other at the input side of 
the high-frequency amplifier 81, and of further connect- 
ing the output matching circuit 44 of the low-pass type 
and the output matching circuit 49 of the high-pass type 
in parallel with each other at the output side of the high- 
frequency amplifier 81, each of the two kinds of the 
transmission signals, whose frequencies are different 
from each other, can be amplified by the circuit having 
the corresponding optimum characteristics. 

Thereby, the two kinds of the transmission signals, 
whose frequencies are different from each other, can be 
amplified by only providing the single high-frequency 
amplifier 81 of the present invention in the portable tele- 
phone of the common type. Further, the necessity of the 
two high-frequency amplifiers 21 and 22 and the 
changeover switches 23, which are provided in the con- 
ventional high-frequency amplifier (see FIG. 11), is 
eliminated. Consequently, the reduction in the size, 
weight and price of the portable telephone (set), in 
which this high-frequency amplifier 81 is provided, can 
be achieved. 

Furthermore, a combination of matching circuits of 
the high-pass type and the low-pass type are employed 
as the input matching circuits 83 and 86. Thereby, the 
input matching circuit 83 of the high-pass type and the 
input matching circuit 86 of the low-pass type are inde- 



pendent of each other. Thus, the setting of the reflection 
coefficient corresponding to the transmission input sig- 
nal A1 can be achieved independent of the setting of the 
reflection coefficient corresponding to the transmission 

5 input signal A2. Consequently, the design and regula- 
tion of each of the input matching circuits 83 and 86 can 
be facilitated. 

Next, the case of application of a further high-fre- 
quency amplifier embodying the present invention, 

10 namely, a fifth embodiment of the present invention to a 
high-frequency amplifier for amplifying a transmission 
signal of a portable telephone of the common type will 
be cited as a further example, and will be described by 
referring to FIG. 8. 

is Characteristic aspects of this high-frequency ampli- 
fier 91 of the present invention, namely, this embodi- 
ment reside in that an input matching circuit 92 of the 
low-pass type, which is constituted by a matching circuit 
of the low-pass filter type, is employed as a first input 

20 matching circuit for performing a matching correspond- 
ing to the transmission input signal A1 , whose center 
frequency is f1 (namely, 902.5 MHz), and that an input 
matching circuit 93 of the low-pass type, which is consti- 
tuted by a matching circuit of the low-pass filter type, is 

25 employed as a second output matching circuit for per- 
forming a matching corresponding to the transmission 
input signal A2, whose center frequency is f2 (namely, 
1440 MHz). 

Namely, the input matching circuit 92 of the low- 

30 pass type is constituted by connecting a coil 94 and a 
capacitor 95 with each other in an L-shaped configura- 
tion, similarly as the input matching circuit 86 of the low- 
pass type in the case of the aforementioned first 
embodiment. Thus, the output matching circuit 92 has a 

35 circuit configuration which is similar to that of a low-pass 
filter. Further, in this input matching circuit 92 of the low- 
pass type, the parameters such as the inductance of the 
coil 94 and the capacity of the capacitor 95 are set in 
such a manner that a matching is performed corre- 

40 spondingiy to the center frequency f1 of the transmis- 
sion input signal A1 . 

Moreover, the input matching circuit 93 of the low- 
pass type is constituted by connecting a coil 96 and a 
capacitor 97 with each other in an L-shaped conf igura- 

45 tion, similarly as the aforementioned input matching cir- 
cuit 92 of the low-pass type. Thus, the input matching 
circuit 93 has a circuit configuration which is similar to 
that of a low-pass filter. Further, in this input matching 
circuit 93 of the low-pass type, the parameters such as 

so the inductance of the coil 96 and the capacity of the 
capacitor 97 are set in such a manner that a matching is 
performed correspondingly to the center frequency f2 of 
the transmission input signal A2. 

Incidentally, a coupling capacitor 98 is provided 

55 between the input terminal 82 and the input matching 
circuit 92 of the low-pass type. 

The high-frequency amplifier 91 constructed as 
above described, namely, this embodiment has advan- 
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tages or effects that are nearly the same as those of the 
high-frequency amplifier 81, namely, the fourth embodi- 
ment. Incidentally, because both of the input matching 
circuits 92 and 93 of this embodiment are of the low- 
pass filter type, th circuit characteristic of the input 5 
matching circuit 92 and that of the input matching circuit 
93 depend upon each other. Thus, each of the parame- 
ters of the coil 94 and the capacitor 95 and each of the 
parameters of the coil 96 and the capacitor 97 are set by 
being regulated in such a manner that the matching cor- w 
responding to the transmission input signal A1 and the 
matching corresponding to the transmission input signal 
A2 are simultaneously performed. 

Next, the case of application of yet another high-fre- 
quency amplifier embodying the present invention, is 
namely, a sixth embodiment of the present invention to 
a high-frequency amplifier for amplifying a transmission 
signal of a portable telephone of the common type will 
be cited as yet another example, and will be described 
by referring to FIG. 9. 20 

Characteristic aspects of this high-frequency ampli- 
fier 101 of the present invention, namely, this embodi- 
ment reside in that an input matching circuit 102 of the 
high-pass type, which is constituted by a matching cir- 
cuit of the high-pass filter type, is employed as a first 25 
input matching circuit for performing a matching corre- 
sponding to the transmission input signal A1, whose 
center frequency is f 1 (namely, 902.5 MHz), and that an 
input matching circuit 103 of the high-pass type, which 
is constituted by a matching circuit of the high-pass filter 30 
type, is employed as a second output matching circuit 
for performing a matching corresponding to the trans- 
mission input signal A2, whose center frequency is f2 
(namely, 1440 MHz). 

Namely, the input matching circuit 102 of the high- 35 
pass type is constituted by connecting a capacitor 104 
and a coil 105 with each other in an L-shaped configu- 
ration, similarly as the input matching circuit 78 of the 
high-pass type in the case of the aforementioned third 
embodiment. Thus, the output matching circuit 102 has 40 
a circuit configuration which is similar to that of a high- 
pass filter. Further, in this input matching circuit 102 of 
the high-pass type, the parameters such as the capacity 
of the capacitor 104 and the inductance of the coil 105 
and are set in such a manner that a matching is per- 45 
formed correspondingly to the center frequency f 1 of the 
transmission input signal A1 . 

Moreover, the input matching circuit 103 of the 
high-pass type is constituted by connecting a capacitor 
106 and a coil 107 with each other in an L-shaped con- so 
figuration, similarly as the aforementioned input match- 
ing circuit 102 of the high-pass type. Thus, the input 
matching circuit 103 has a circuit configuration which is 
similar to that of a high-pass filter. Further, in this input 
matching circuit 103 of the high-pass type, the parame- 55 
ters such as the capacity of the capacitor 106 and the 
inductance of the coil 107 are set in such a manner that 
a matching is performed correspondingly to the center 



frequency f2 of the transmission input signal A2. 

The high-frequency amplifier 101 constructed as 
above described, namely, the sixth embodiment has 
advantages or effects that are nearly the same as those 
of the high-frequency amplifier 91, namely, the fifth 
embodiment. 

Incidentally, in the case of the aforesaid first or sec- 
ond embodiment, the input matching circuit 34 of the 
high-frequency amplifier 31 (61) is constituted by a 
matching circuit of the low-pass filter type. However, the 
present invention is not limited thereto, the input match- 
ing circuit of the high-frequency amplifier 31 (61) may 
be constituted by a matching circuit of the high-pass fil- 
ter type. 

Further, in the case of the aforesaid second embod- 
iment the output matching circuits 62 and 63 of the 
high-frequency amplifier 61 is constituted by a matching 
circuit of the low-pass filter type. However, the present 
invention is not limited thereto. Each of the output 
matching circuits of the high-frequency amplifier 61 may 
be constituted by a matching circuit of the high-pass fil- 
ter type. 

Moreover, in the case of the high-frequency ampli- 
fier 81 of the fourth embodiment, the input matching cir- 
cuit 83 of the high-pass type is connected to the input 
terminal 82. Further, the input matching circuit 86 of the 
low-pass type is connected to the output side or termi- 
nal of the input matching circuit 83 of the high-pass 
type. However, if the input matching circuit 83 of the 
high-pass type and the input matching circuit 86 of the 
low-pass type are replaced with each other and are then 
connected to this high-frequency amplifier, such a new 
high-frequency amplifier is substantially the same as 
the high-frequency amplifier of the fourth embodiment. 
Namely, the input matching circuit 86 of the low-pass 
type may be connected to the input terminal 82. Moreo- 
ver, the input matching circuit 83 of the high-pass type 
may be connected to the output side of the input match- 
ing circuit 86 of the low-pass type. 

Furthermore, in the descriptions of the aforemen- 
tioned embodiments, the cases, in which the highrfre- 
quency amplifiers 31, 61. 71, 81, 91 and 101 are 
provided in the portable telephones of the common 
type, have been cited as examples and described. How- 
ever, the present invention is not limited thereto. The 
high-frequency amplifiers of the present invention can 
be applied to and used as high-frequency amplifiers for 
amplifying the two kinds of high-frequency signals, 
whose frequencies are different from each other. 

Besides, in the foregoing descriptions of the 
embodiments, the high-frequency amplifiers 31, 61 , 71, 
81, 91 and 101 have been described as power amplifi- 
ers. The present invention is not limited thereto. The 
high-frequency amplifiers may be used as small signal 
amplifiers. 

Although the preferred embodiments of the present 
invention have been described above, it should be 
understood that the present invention is not limited 
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thereto and that other modifications will be apparent to 
those skilled in the art without departing from the spirit 
of the invention. 

In FIG. 12 a further embodiment of the present 
invention is shown. In the high-frequency amplifier 5 
shown in FIG. 12, the input matching circuits 83 and 86 
are exchanged in comparison with the embodiment 
shown in FIG. 5. Therefore, the first input matching cir- 
cuit is a low-pass filter and the second input matching 
circuit is a high-pass filter. 10 

Claims 

1 . A high-frequency amplifier (31 ; 61 ) comprising: 

15 

an input matching circuit (34) which is operable 
for performing matching corresponding to both 
a first high-frequency input signal (A1) and to a 
second high-frequency input signal (A2), 
whose frequency is different from that of the 20 
first high-frequency input signal; 
an amplification circuit (37), which is connected 
to an output of the input matching circuit (34), 
and which is operable for outputting a first high- 
frequency output signal (B1) by amplifying the 25 
first high-frequency input signal (A1). and for 
outputting a second high-frequency output sig- 
nal (B2) by amplifying the second high-fre- 
quency input signal (A2); 

a first output matching circuit (44; 62), which is so 
connected to an output of said amplification cir- 
cuit (37), which is operable for performing 
matching corresponding to the first high-fre- 
quency output signal (B1); and 
a second output matching circuit (49; 63), 35 
which is connected to the output of said ampli- 
fication circuit (37) in parallel with said first out- 
put matching circuit (44; 62), for performing 
matching corresponding to the second high- 
frequency output signal (B2). 40 

2. The high-frequency amplifier (31; 61) according to 
claim 1, wherein said input matching circuit (34) 
comprises a low-pass filter. 

45 

3. The high-frequency amplifier (31; 61) according to 
claim 1 or 2, wherein said first and second output 
matching circuits (44, 49; 62, 63) comprise respec- 
tive filters. 

50 

4. The high-frequency amplifier (31; 61) according to 
claim 3, wherein said first output matching circuit 
(44) comprises a low-pass filter and said second 
output matching circuit (49) comprises a high-pass 
filter. 55 

5. The high-frequency amplifier (31; 61) according to 
claim 3, wherein said first and second output 
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matching circuits (62, 63) comprise respective low- 
pass filters. 

6. The high-frequency amplifier (31 ; 61) according to 
one of claims 3 to 5, wherein said respective filters 
have overlapping pass ranges. 

7. Trie high-frequency amplifier (31 ; 61) according to 
one of claims 3 to 5, wherein said respective filters 
have non-overlapping pass ranges. 

8. A high-frequency amplifier (71) comprising: 

a first input matching circuit (74) which is oper- 
able for performing matching corresponding to 
a first high-frequency input signal (A1); 
a second input matching circuit (78), which is 
connected in parallel with said first input match- 
ing circuit (74), and which is operable for per- 
forming matching corresponding to a second 
high-frequency input signal (A2), whose fre- 
quency is different from that of the first high-fre- 
quency input signal (A1 ) ; 
an amplification circuit (37), which is connected 
to an output of each of the input matching cir- 
cuits (74, 78), which is operable for outputting a 
first high-frequency output signal (B1) by ampli- 
fying the first high-frequency input signal, and 
for outputting a second high-frequency output 
signal (B2) by amplifying the second high-fre- 
quency input signal; 

a first output matching circuit (44), which is 
connected to an output of said amplification cir- 
cuit (37), and which is operable for performing 
matching corresponding to the first high-fre- 
quency output signal (B1); and 
a second output matching circuit (49), which is 
connected to the output of said amplification 
circuit (37) in parallel with said first output 
matching circuit (44), and which is operable for 
performing matching corresponding to the sec- 
ond high-frequency output signal (B2). 

9. The high-frequency amplifier (71) according to 
claim 8, wherein said first input matching circuit (74) 
is a low-pass filter matching circuit which cuts off 
the second high-frequency input signal (A2), whose 
frequency is higher than that of said first high-fre- 
quency input signal, and wherein said second input 
matching circuit (78) is a high-pass filter matching 
circuit which cuts off the first high-frequency input 
signal (A1). 

10. The high-frequency amplifier (71) according to 
claim 8 or 9, wherein said first output matching cir- 
cuit (44) is a low-pass filter matching circuit which 
cuts off the second high-frequency input signal 
(A2), whose frequency is higher than that of said 
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first high-frequency output signal (A1), and wherein 
said second output matching circuit (49) is a high- 
pass filter matching circuit which cuts off the first 
high-frequency output signal (A1). 

5 

11. A high-frequency amplifier (81; 91; 101) compris- 
ing: 

a first input matching circuit (83; 92; 102) which 
is operable for performing matching corre- 10 
sponding to a first high-frequency input signal 
(A1); 

a second input matching circuit (86; 93; 103), 
which is connected in series to an output of 
said first input matching circuit (83; 92; 102), 15 
and which is operable for performing matching 
corresponding to a second high-frequency 
input signal (A2), whose frequency is different 
from that of the first high-frequency input signal 
(A1); 20 
an amplification circuit (37), which is connected 
to an output of said second input matching cir- 
cuit (86; 93; 103), and which is operable for out- 
putting a first high-frequency output signal (B1) 
by amplifying the first high-frequency input sig- 25 
nal and for outputting a second high-frequency 
output signal (B2) by amplifying the second 
high-frequency input signal; 
a first output matching circuit (44),- which is 
connected to an output of said amplification cir- 30 
cuit (37), and which is operable for performing 
matching corresponding to the first high-fre- 
quency output signal (B1); and 
a second output matching circuit (49), which is 
connected to the output of said amplification 35 
circuit (37) in parallel with said first output 
matching circuit (44), and which is operable for 
performing matching corresponding to the sec- 
ond high-frequency output signal (B2). 

40 

12. The high-frequency amplifier (81) according to 
claim 11, wherein said first input matching circuit 
(83) is a high-pass filter matching circuit that per- 
mits the second high-frequency input signal (A2), 
whose frequency is higher than that of said first 45 
high-frequency input signal, to pass therethrough, 
and wherein said second input matching circuit (86) 

is a low-pass filter matching circuit that permits the 
first high-frequency input signal (A1) to pass there- 
through. 50 

1 3. The high-frequency amplifier according to claim 1 1 , 
wherein said first input matching circuit is a low- 
pass filter matching circuit that permits the second 
high-frequency input signal, whose frequency is 55 
lower than that of said first high-frequency input sig- 
nal, to pass therethrough, and wherein said second 
input matching circuit is a high-pass filter matching 



circuit that permits the first high-frequency input 
signal to pass therethrough. 

14. The high-frequency amplifier (81; 91; 101) accord- 
ing to claim 1 1 , wherein said first and second input 
matching circuits (83, 86; 92, 93; 102, 103) com- 
prise respective filters. 

15. The high-frequency amplifier (81; 91; 101) accord- 
ing to claim 14, wherein said respective filters have 
overlapping pass ranges. 

16. The high-frequency amplifier (91) according to 
claim 15, wherein said respective filters are low- 
pass filters (92, 93). 

17. The high-frequency amplifier (101) according to 
claim 15, wherein said respective filters are high- 
pass filters (102, 103). 

18. The high-frequency amplifier (81; 91; 101) accord- 
ing to any one of claims 1 1 to 17, wherein said first 
output matching circuit (44) is a low-pass filter 
matching circuit that cuts off the second high-fre- 
quency input signal (B2), whose frequency is higher 
than said first high-frequency output signal (B1), 
and wherein said second output matching circuit 
(49) is a high-pass filter matching circuit that cuts 
off the first high-frequency output signal (B1). 
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